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Abstract
OBJECTIVE: To explore the most effective parame-
ters of Yi Zhi Chan Tuina manipulation for improv-
ing peripheral blood circulation.
METHODS: A total of 45 volunteers were recruited
from Pudong district in Shanghai, China, from Octo-
ber to December 2010, and randomly divided into
nine groups using computer-generated random
numbers. Participants received Yi Zhi Chan Tuina
manipulation on Chengjin (BL 56) acupoint; each
group received a particular combination of manipu-
lation force and treatment time. We used a two-fac-
tor, three-level factorial design to examine the ef-
fects of force and treatment time on changes in
popliteal artery average volume flow, pulsatility in-
dex, and vessel diameter to determine the optimal
parameter group. Outcomes were assessed at base-
line and after Tuina manipulation by interviewers
blind to treatment group status.
RESULTS: After manipulation, two of the nine
groups showed an increase in popliteal artery vol-
ume flow. An inter-participants effect test showed
that for main effect of time, F = 0.331, P = 0.720; for
main effect of force, F = 2.934, P = 0.066; and for the
force-time interaction effect, F = 1.072, P = 0.385, in-
dicating no interaction between force and time.
However, a pairwise comparison of the three levels
of time showed that a treatment time of 10 min
was significantly more effective than that of 2 min
(P = 0.024). A pairwise comparison of light force,
medium force, and heavy force showed a statistical-
ly significant effect for medium force (P = 0.035).
CONCLUSION: Yi Zhi Chan Tuina manipulation
with vertical force of 9.31 N for 10 min is most effec-
tive in improving peripheral circulation.
© 2015 JTCM. All rights reserved.
Key words: Yi Zhi Chan Tuina manipulation; Re-
gional blood flow; Pulsatility index
INTRODUCTION
Yi Zhi Chan Tuina manipulation is a classical Chinese
Tuina manipulation technique. It involves using the
thumb to continuously apply alternate light and heavy
forces to acupoints by swinging of the wrist joint to
achieve a collateral dredging effect, and it is widely
used in clinical practice.1-3 Tuina doctors may adjust
the force (light, medium, or heavy) and duration of
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manipulation according to patient's conditions. How-
ever, different manipulation forces and durations pro-
duce different collateral dredging effects.4 We used a
force-time two-factor, three-level factorial design to in-
vestigate the optimal collateral dredging effect of Yi
Zhi Chan Tuina manipulation and to optimize the clin-
ical manipulation parameters.
MATERIALS ANDMETHODS
Participants
We used a two-factor design with three levels to each
factor: force (light, medium, and heavy) and duration
of treatment time (2, 5, and 10 min). We observed 45
participants; a sample size of more than five times the
number of factors. We randomly recruited 20 male par-
ticipants from Shanghai University of Traditional Chi-
nese Medicine and 25 participants from Yueyang Hos-
pital from October to December 2010. All participants
were divided into nine groups using computer-generat-
ed random numbers. The participants were male, aged
18-40 years, with a mean age of (26 ± 5) years. The
study was approved by the Ethics Committee of Yuey-
ang Hospital of Integrated Traditional Chinese and
Western Medicine (Approval No. 2012-19). All partici-
pants gave their written, informed consent. Tuina prac-
titioners who were each chief physicians with over 30
years' clinical experience, agreed to perform the study
and were free to withdraw at any time. Activities that
aggravated the upper limb were forbidden 24 hours be-
fore the experiment.
Inclusion criteria: the inclusion criteria were: healthy,
18-40 years old, and male. Exclusion criteria: The ex-
clusion criteria were: (a) smoking or drinking habits;
(b) disagreeing to participate in this study; (c) injury or
amyotrophia in the lower limbs; (d) severe life-threaten-
ing primary diseases or mental diseases. Withdrawal
and rejection criteria: The criteria for withdrawal or re-
jection were: (a) not meeting the inclusion criteria after
inclusion in this study; (b) early withdrawal or lost to
follow-up; (c) development of diseases and receiving
other treatments and medical interventions during this
study, both of which might have affected participant re-
sponses.
Tuina manipulation intervention
A two-factor, three-level factorial design was used to
test different manipulation force-time combinations.
When testing, doctors applied light, medium, or heavy
force to Chengjin (BL 56) at participants' musculus
gastrocnemius for 2, 5, or 10 min (The force-time
combinations for the nine groups are shown in Figure
1." All participants were allocated to a manipulation
force-time combination group using computer-generat-
ed random numbers to ensure concealment of partici-
pant allocation, maximize procedure repeatability, and
to increase the comparability between groups. Immedi-
ately after testing, we measured participants' popliteal
artery volume flow three times in order to avoid mea-
surement errors, noting the mean value and average
volume flow gain ratio, which was (VFafter-VFbefore)/VFbe-
fore × 100% (Figure 1). All test data were collected by cli-
nicians to reduce errors and enhance reliability.
Outcome measures
A Vivid 7 Dimension systemic color Doppler ultra-
Group 9
Heavy
10 min
(n = 5)
Eligible participants (n = 53)
9 were excluded
3 had scheduling conflicts
4 refused to participate
2 had lower limb injuries
Randomized participants (n = 45)
Group 1
Light
2 min
(n = 5)
Yi Zhi Chan Tuina
manipulation
Group 2
Light
5 min
(n = 5)
Group 3
Light
10 min
(n = 5)
Group 4
Medium
2min
(n = 5)
Group 5
Medium
5 min
(n = 5)
Group 6
Medium
10 min
(n = 5)
Group 7
Heavy
2 min
(n = 5)
Group 8
Heavy
5 min
(n = 5)
Color Doppler Ultrasound
Diagnostic Apparatus and
Infrared Thermometer
Dropped out
(n = 0)
Figure 1 Flow of participants
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sound diagnostic apparatus was used to observe poplite-
al artery hemodynamic indicators, including average
volume flow gain ratio, calculated as (VFafter-VFbefore)/VF-
before × 100%, pulsatility index (PI), vessel diameter, and
heart rate. An infrared thermometer (DT8380; Cheer-
man Technology, Tianjin,China) was used to measure
the doctors' thumb temperature and the participants'
Chengjin (BL 56) temperature to observe the heat ef-
fect of manipulation.
Statistical analysis
PASW Statistics 18.0 software for Windows (SPSS
Inc., Chicago, IL, USA) was used for statistical analy-
sis. Differences were considered statistically significant
at P < 0.05. Central tendency was expressed as the
mean xˉ and median (Md) and dispersion was ex-
pressed as the standard deviation (s). For data that were
normally distributed, independent samples t tests were
used for two-group comparisons and one-way analysis
of variance used to compare multiple groups. For data
that were not normally distributed or showed heteroge-
neity of variance, non-parametric tests were used: the
Wilcoxon rank sum test for comparison of two groups
of independent samples and the Kruskal-Wallis test for
comparison of multiple groups. The Nemenyi test was
used for pairwise comparison among multiple samples.
RESULTS
Comparison of baseline data between participant
groups
Baseline participant data included age, height, calf cir-
cumference, weight, and body mass index (BMI). Tests
of normality and homogeneity of variance (Levene's
test) indicated that the data in each group were normal-
ly distributed with equal population variances. The
Kruskal-Wallis test for multiple comparisons of multi-
ple samples showed that there were no significant dif-
ferences in baseline data between the nine groups (P >
0.05), indicating that the groups were comparable (Ta-
ble 2).
Outcome changes from baseline for each group
Statistical analysis showed that after manipulation,
vessel diameter and Chengjin temperature increased
significantly for all participants, and thumb tempera-
ture and PI decreased significantly (P < 0.05). Heart
rate showed no significant change (P > 0.05, Table 3).
Comparisons of popliteal artery volume flow before
and after manipulation
Statistical analysis showed no significant difference be-
tween Groups 1 and 2 before and after manipulation
(P > 0.05), but the other groups showed a dramatic
and significant improvement in flow after manipula-
tion (P ≤ 0.05) (Table 4).
Main effects and interactions for force and time factors
Inter-participants effect test showed that for main ef-
fect of time, F = 0.331, P = 0.720, for main effect of
force, F = 2.934, P = 0.066, and for force-time interac-
tion effect, F = 1.072, P = 0.385, all P values >0.05, so
force and time had no interaction (Table 5). A compari-
son of three levels of time showed that 10-min treat-
Force
Light
Medium
Heavy
x axis
Mean
0.98
1.37
1.86
95% CI
(0.08, 2.74)
(0.98, 3.43)
(0.20, 3.33)
y axis
Mean
1.76
2.35
3.34
95% CI
(0.39, 3.04)
(0.49, 4.80)
(0.49, 6.37)
z axis
Mean
7.35
9.31
14.41
95% CI
(3.72, 11.17)
(0.39, 14.60)
(7.25, 20.48)
Table 1 Mean popliteal artery volume flow for different Tuina manipulation forces
Group
1
2
3
4
5
6
7
8
9
n
5
5
5
5
5
5
5
5
5
Age (years)
30.2±3.9
28.2±3.1
28.2±1.6
21.4±3.4
23.6±7.3
24.2±7.2
26.2±7.2
25.6±7.3
25.0±2.3
Height (cm)
174.8±6.7
174.4±2.6
172.6±5.3
173.0±2.8
172.8±6.2
172.6±5.6
171.9±3.7
172.2±7.9
172.8±7.9
Weight (kg)
69.4±4.6
71.0±7.0
67.6±7.3
70.2±7.0
70.0±6.2
68.2±4.3
68.4±3.4
67.2±5.6
68.8±9.4
BMI (kg/m2)
22.7±1.4
23.3±1.9
22.6±1.8
23.4±1.9
23.6±3.3
22.9±1.1
23.4±0.8
22.6±0.5
22.2±1.5
Calf circumference (cm)
39.8±2.8
39.7±3.0
39.0±2.0
38.1±0.9
38.6±2.8
38.9±2.0
37.9±1.4
37.9±2.9
37.6±2.6
Notes: group 1: light force-2 min; group 2: light force-5 min; group 3: light force-10 min; group 4: medium force-2 min; group 5: medi-
um force-5 min; group 6: medium force-10 min; group 7: heavy force-2 min; group 8: heavy force-5 min; group 9: heavy force-10 min.
BMI: body mass index. According to the force and time interaction factors, all the participants were random allocated into group 1 to
group 9.
Table 2 Comparison of baseline data for the nine participant groups ( xˉ ± s)
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ments had a significantly greater effect than 2-min
treatments (P = 0.024), while comparison of light, me-
dium, and heavy force showed a statistically significant
effect for medium force (P < 0.05) (Figure 2).
DISCUSSION
Liang et al 4 observed changes in nail-fold microcircula-
tion before and after manipulation in healthy people
and patients with cervical spondylosis, cerebral arterio-
sclerosis, or hand trauma and found that after manipu-
lation, the main indicators of reduced number of capil-
lary loops, unclear capillary loop outline, dark red
blood, loop top blood stasis, slowed blood flow, abnor-
mal flow state, exudation, and other microcirculation
disturbances had improved significantly, indicating
that manipulation can dilate blood vessels, reduce pe-
ripheral resistance, accelerate blood flow, and increase
blood flow volume. Previous research indicates that ma-
nipulation may convert mechanical energy into heat
energy, leading to increased volume flow.5,6 This experi-
mental study demonstrated that Yi Zhi Chan Tuina
manipulation on Chengjin (BL 56) produces mechani-
cal stimulation and heat, generating a series of compre-
Item
PI
Vessel diameter (cm)
Heart rate (beats/min)
Thumb temperature (℃)
Chengjin temperature (℃)
Before manipulation
21.20±10.12
0.50±0.10
71.00±7.17
35.40±1.25
33.90±0.81
After manipulation
17.32±6.61
0.55±0.05
71.44±7.09
34.87±1.10
35.43±0.83
P value
0.032
0.017
0.271
0.037
0.001
Table 3 Comparison of PI, vessel diameter, and other data before and after manipulation ( xˉ ± s)
Note: PI: pulsatility index.
Group
1
2
3
4
5
6
7
8
9
n
5
5
5
5
5
5
5
5
5
Volume flow before manipulation
60±30
47±13
39±12
52±35
55±26
45±5
50±17
30±18
34±15
Volume flow after manipulation
57±26
44±20
60±22
64±21
69±41
55±14
64±26
35±10
50±11
Inter-Group Difference
(95% CI) after - before
－3.71 (－6.78,－1.87)
－2.96 (－4.92,－1.47)
19.83 (29.72, 9.85)
13.11 (19.31, 6.24)
14.52 (22.36, 7.25)
10.58 (15.86, 5.34)
14.35 (21.67, 7.21)
5.38 (8.13, 2.69)
16.21 (24.68, 8.04)
Note: group 1: light force-2 min; group 2: light force-5 min; group 3: light force-10 min; group 4: medium force-2 min; group 5: medium
force-5 min; group 6: medium force-10 min; group 7: heavy force-2 min; group 8: heavy force-5 min; group 9: heavy force-10 min. Nega-
tive value indicate artery volume flow decreases after manipulation. Positive value indicate artery volume flow increases after manipulation.
Group 9 (heavy-10 min) and group 3 (light-10 min) had significant increase than other groups, that means force and time factors had in-
fluenced on change of artery volume flow.
Table 4 Analysis of differences in popliteal artery volume flow before and after manipulation (mL, xˉ ± s)
Source of variation
Force
Time
Force&Time
Sum of deviation square
171.831
1521.216
1111.309
Degree of freedom
1
1
1
Mean square
85.915
760.608
277.827
F value
0.331
2.934
1.072
P value
0.720
0.066
0.385
Table 5 Analysis of variance results
14
12
10
8
6
4
2
0
Light force
Medium force
Heavy force
10 min
5 min
2 min
Time factor Force factor
Po
pli
tea
lar
ter
yv
olu
me
flo
we
stim
ate
d
ma
rgi
na
lm
ean
(m
L)
Figure 2 Effect of time and force factors on popliteal artery
volume flow before and after manipulation
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hensive neurobiological effects on the central nervous
system that regulate the peripheral blood vascular sys-
tem. The strengthening of cardiac contractility, vasodi-
latation, and PI decrease are related to the parasympa-
thetic neurotransmitter acetylcholine (ACh) and to cal-
citonin gene-related peptide (CGRP) synthesis and re-
lease regulation. After manipulation, it inhibits α mo-
tor neuron excitability and decreases ACh content.
ACh has a negative regulatory effect on cardiac electro-
physiological properties and can reduce heart rate (neg-
ative rate change), slow conduction (negative conduc-
tion change), and reduce contractility (negative force
change). ACh directly affects the heart by reducing the
activity of adenylate cyclase activated by sympathetic
amines, thereby reducing cyclic adenosine monophos-
phate levels, which can be observed in all parts of the
heart. ACh indirectly affects the heart by activating the
muscarinic potassium channel and producing an acetyl-
choline-sensitive potassium current.7-9 Following ACh
reduction, the negative inotropic effect on the heart is
weakened, thereby indirectly enhancing atrial and ven-
tricular contractility. In addition, Yi Zhi Chan Tuina
manipulation significantly increases the mean value
and peak value of the shear stress of the popliteal artery
vessel wall, and the changes in vessel wall shear stress al-
so affect the endothelial cells and smooth muscle cells
of blood vessels.10 The physical stimulation caused by
manipulation (such as shear stress and blood oxygen
level change) alters endothelial cells by activation and
traction and increases the activity of nitric oxide synthe-
tase through Ca2 +-sensitive protein kinase to produce
more nitric oxide (NO); this process is regulated by Ca
in cells and is the most important form of NO produc-
tion regulation in normal conditions.11-13 NO and pros-
tacyclin diffuse into vascular smooth muscle cells
(VSMC), activate soluble guanylate cyclase and prosta-
glandin receptors, increase cyclic adenosine monophos-
phate and open K+ channels and close Ca2+ channels, di-
lating blood vessels. Endothelium-derived hyperpolar-
ization factor also directly opens VSMC K + channels
and closes Ca2+ channels, to reduce Ca2+ in the VSMC
and dilate blood vessels.14-16 CGRP opens adenosine tri-
phosphate -sensitive potassium channels to enable po-
tassium ions to flow in and dilate blood vessels.17 NO
and CGRP play a synergistic role in regulation of vas-
cular tension and mutually promote release. NO acti-
vates the cyclic monophosphate pathway to up-regu-
late CGRP mRNA expression.18 The half-life of CGRP
is about 7-10 min, which could explain why the vol-
ume flow gain at 10 min is superior to that at 2 min.
In a similar way to the muscle-relieving mechanism of
manipulation, Chengjin (BL 56) stimulation produces
a pressing sensation. Vibration sensation information
passes through the peripheral L4-S3 neural networks, en-
ters the spinal cord via the dorsal root by primary affer-
ent fibers, and reaches all levels of the cerebral cortex,
thus affecting the cardiovascular center that affects the
medulla. CGRP is widely present in the brain and the
spinal dorsal horn; the primary afferent fibers, especial-
ly in the soma and the end of sensory neurons, are re-
leased by sensory nerve fibers in this process,17 causing
various cardiovascular reflexes and reaching the heart
and the vessels throughout the body via efferent
nerves. Local stimulation can protect and regulate vas-
cular endothelial secretion function, reduce endothelin
production, promote NO synthesis and release, pro-
mote CGRP synthesis and release, correct disorders of
endothelin, NO, CGRP and other vasoactive substanc-
es in circulating blood, and reduce the response of vas-
cular smooth muscle to endothelium-derived constrict-
ing factor, therefore improving the diastolic function of
resistance vessels.16,18 Research in other countries has
found that manipulation can increase blood NO con-
centration, change fluid dynamics in vessels, and pro-
mote blood circulation. In addition, it can stimulate
nerves and vascular tissues to release NOs and control
systolic and diastolic blood vessel changes.19,20
The present findings show that PI = A-B/mean (A +
B), depending on the difference between the Doppler
peak flow rate and the end-diastolic valley flow rate, as
well as the average flow rate. After manipulation, the
PI decreased, indicating a decrease in peripheral vascu-
lar resistance, an improvement in vascular compliance,
and an increase in vascular elasticity. As the central ner-
vous system affects peripheral regulation, the difference
in popliteal artery volume flow change before and after
manipulation was not statistically significant (P <
0.05), showing an increasing trend, and in confor-
mance with the PI changes. The difference in heart
rate change before and after manipulation was not sta-
tistically significant (P > 0.05), indicating that the ef-
fects of pressure sensation and temperature sensation
(caused by acting force, frequency, and duration of Yi
Zhi Chan Tuina manipulation on the central nervous
system) were not sufficient to cause heart-rate changes
through peripheral regulation. However, popliteal ar-
tery volume flow increased and PI decreased, indicat-
ing no significant change in heart rate, and suggesting
that increased stroke volume and strengthened cardiac
contractility might have led to increased peripheral vol-
ume flow. The thermoreceptor at Chengjin (BL 56) is
connected with the C fiber and the discharge frequen-
cy increases with temperature. This fiber passes
through the temperature sensation upstream pathway
and forms synapses in the dorsal horn substantia gelati-
nosa, immediately crosses after passing through the syn-
apses of the second-stage neurons, moves upward in
the contralateral spinothalamic tract, and enters the
brain, within 30-45 ℃ . As with mechanoreceptor re-
sponses, thermoreceptor responses will also adapt to
long-term stimulation. The present findings showed
that, following a period of continued stimulation with
the same level of force, an increase in stimulation failed
to cause biological changes; the main effect of time be-
gan to increase gradually at 5 min and then volume
flow gain steadily increased. Therefore at 10 min, popli-
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teal artery volume flow reached a peak, which was sig-
nificantly higher than the volume flow at 2 min. Fur-
ther analyses indicated that different forces or times
had different effects on the increase in popliteal artery
volume flow. For treatment time of 2 min, the volume
flow gain was decreased 1.72 mL; for 5 min, 8.10 mL;
and for 10 min, 12.12 mL, indicating that volume
flow increased gradually and reached a peak at 10 min.
The difference in volume flow gain at 10 min and 2
min was statistically significant (P < 0.05), indicating
that improvement of popliteal artery volume flow by
Yi Zhi Chan Tuina manipulation was a result of cumu-
lative effects.
In conclusion, manipulation force and treatment time
directly influence the effects of Yi Zhi Chan Tuina ma-
nipulation in improving peripheral blood circulation.
The use of medium and heavy forces, and longer treat-
ment time, on limb acupoints produces a greater reduc-
tion in the resistance of local peripheral vessels, an in-
crease in flow velocity and volume flow, and an in-
crease in vessel diameter. Yi Zhi Chan Tuina manipula-
tion with light force for less than 5 min does not signif-
icantly decrease peripheral volume flow or increase ves-
sel diameter. Therefore, the current findings indicate
that for Yi Zhi Chan Tuina manipulation to achieve
the optimal collateral dredging effect, a medium force
should be applied for 10 min.
This study has some limitations. For example, the sam-
ple size was insufficient as there were only five partici-
pants in each group. In future studies, we plan to in-
crease the sample size to further observe the effects of
the interaction between manipulation force and treat-
ment time.
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